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Description 

Background of the Invention 

5 [0001] The present invention is in the area of organic synthesis and, in particular, methods of synthesizing high purity 
anhydride copolymers. 

[0002] The United States Government has rights in this invention by virtue of National Institute of Health Grant No. 
98000. 

[0003] Aromatic polyanhydrides were first synthesized in 1909 by Bucher and Slade, as reported in J. Am. Chem. 

10 Soc. 31 , 1319 (1 909). Aliphatic polyanhydrides were first prepared in 1 932 by Hill and Carothers, as described in J. 
Am. Chem. Soc. 54, 1569 (1932) and 55, 5023 (1933). A number of aromatic and heterocyclic polyanhydrides, intended 
as substitutes for polyesters in textile applications, were further investigated over the next thirty years. 
[0004] Only a few papers have been published on the preparation of anhydride copolymers. In these studies anhy- 
dride copolymers were produced by mixing a calculated amount of two diacids, e.g., aromatic and aliphatic diacids, 

15 and treating with acetic anhydride to yield the mixed prepolymer. The mixed prepolymer was then polymerized by 
heating under vacuum. The reaction is shown in equation 1 . The mixed prepolymer was not isolated nor purified prior 
to polymerization. 



20 

o o o o 



II if II fl (CH 3 C0) 2 O 

x (HO-C-R, -C-OH)+y( HO-C-R2-C-OH) > prepolymer 

mixture* 

25 polymerizat ion 

prepolymer mixture > 

heat, vacuum 

(1) 

30 O O O O O O 

ri| II N M N li II 

CH 3 -C ( - ( o-C-R, -O ) Q < 0 -C-R 2 O ) R J O-C-CH3 



35 Q * R * X * Y 

n = degree of polymerization 

* undefined composition of prepolymer 

[0005] Using this method of preparation, N. Yoda et al. prepared anhydride copolymers composed of terephthalic 
acid, sebacic acid, adipic acid and five membered heterocyclic diacids, as described in Makromol. Chem. 56, 32 (1962), 
40 and Bull. Chem. Soc. Japan 32, Another anhydride copolymer composed of methylene bis(p-carboxyphenyl)amide 
and adipic acid was reported by N. Yoda in Chem. High Polymers Japan 1 9, 61 3 (1 962). Unpurified mixed prepolymers 
were used in all these studies. 

[0006] In a recent study by Leong et al., reported in J. Biomed. Mat. Res. , 19, 941 (1985), anhydride copolymers 
composed of bis(p-carboxyphenoxy)propane and sebacic acid were prepared. The copolymers were prepared from 

45 the mixed prepolymers obtained when the calculated amount of CPP and sebacic acid were treated with acetic anhy- 
dride. The mixed prepolymer was isolated after several weeks of crystallization at -20°C. The composition of the final 
polymer was not controlled. Polymerization of the mixed prepolymers yielded polymers with molecular weights of 
12,030. Unsuccessful attempts were made to obtain the copolymers by polycondensing the mixture of individually 
prepared prepolymers, especially sebacic acid prepolymers. 

50 [0007] It is therefore an object of the present invention to provide a method for preparation of highly pure anhydride 
copolymers having a controlled composition, especially for use in biomedical applications. 

[0008] It is a further object of the present invention to provide a method for preparation of highly pure anhydride 
copolymers with controlled composition which is reproducible, has a high yield and is quick. 

[0009] It is a still further object of the present invention to provide a method for preparation of highly pure anhydride 
55 copolymers wherein prepolymers of the diacids are produced which can be combined to yield a wide variety of copol- 
ymers having an actual composition which is close to the calculated composition. 

[0010] It is another object of the invention to provide a method for preparation of highly pure anhydride copolymers 
for use in preparing high molecular weight polyanhydrides. 
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Summary of the Invention 

[0011] The invention is a method of synthesis of highly pure anhydride copolymers of known composition wherein 
the key element is the use of individually prepared, pure prepolymers. Calculated amounts of the individual prepoly- 
mers, e.g. aromatic and alphatic prepolymers, are mixed together and polymerized to form copolymers. High molecular 
weight polyanhydrides are produced by polymerization of the prepolymers at a temperature between 1 50°C and 220°C 
for 10 to 240 minutes, preferably 180°C for 90 minutes, under high vacuum. 

[0012] Examples of anhydride copolymers composed of the following diacids: sebacic acid, bis(p-carboxyphenoxy) 
propane, adipic acid, bis(p-carboxyphenoxy)hexane, isophthalic acid, 1,4 phenylene dipropionic acid and dodecane- 
dioic acid, are polymerized from pure isolated prepolymers by a melt polycondensation process. 
[0013] Polyanhydrides prepared from the very pure, isolated prepolymers are especially useful for biomedical appli- 
cations because of the agreement between calculated and actual composition, reproducible molecular weights and 
degradation kinetics, lack of inflammatory or toxic contaminants, and mechanical properties such as film formation. 
Higher molecular weights can be generated by the addition of coordination catalysts to the copolymer mixture. 

Brief Description of the Drawings 

[0014] Fig. 1 is the synthesis of a pure anhydride copolymer according to the present invention. 
[0015] Fig. 2 is the synthesis of a anhydride copolymer according to the prior art. 

Detailed Description of the Invention 

[0016] Anhydride copolymers are synthesized by melt condensation from a mixture of individually synthesized and 
purified mixed anhydride prepolymers prepared by heating diacids and acetic anhydride as shown in Fig. 1 . The prior 
art method of synthesis is shown in Fig. 2 wherein the diacids are first mixed together, then refluxed with acetic anhydride 
to form the prepolymers. 

[0017] The method according to the present invention is used in the following non-limiting examples to synthesize 
anhydride prepolymers which can then be combined and polymerized to form anhydride copolymers with controlled 
composition. Individually prepared, pure, isolated prepolymers are made and purified within two work days with 50 to 
80% yield. Calculated amounts of the prepolymers, such as CPP prepolymers and sebacic acid prepolymers, are then 
mixed together and polymerized, for example, at 180°C for 90 minutes under high vacuum. 

[0018] The prepolymer data analysis is summarized in Table 1. The data for the copolymers prepared from these 
prepolymers is summarized in Table 2. High molecular weight anhydride copolymers with high reproducibility in polymer 
composition and molecular weight are obtained. 



Table 1 : 



Characterization of Prepolymers 






GPC Analysis 


NMR Analysis' 3 


Prepolymer of: 


Mp 


Mw 


Mn 


Dp a 


Dp 


IR C 


Sebacic acid 


67-69 


1620 


825 


3.9 


5 (2.22:1.32) d 


1810,1740 


Dodecanedioic acid 


76-77 


2410 


1250 


4.7 


9 (2.22:1. 27)d 


1810,1740 


Adipic acid 


62-63 


1765 


694 


4.0 


6 (2.23:1. 74)d 


1810,1740 


1 ,4 Phenylene dipropionic acid 


74-75 


1985 


915 


4.0 


5 (2.18:7.11) d 


1800,1735 


Bis(p-Carboxyphenoxy) propane 


104-106 


495 


484 


1.3 


1.4 (2.30:7.1 -8.1 ) d 


1800,1730 


Bis(p-Carboxyphenoxy) hexane 


92-94 


573 


490 


1.1 


1.3 (2.30:7.1 -8.1 ) d 


1800,1735 


Isophthalic acid 


56-58 


484 


376 


1.9 


1.6 (2.43:7.4-8.6) d 


1800,1735 



a Dp based on the Mn of the GPC analysis, 
b Determined from 'H-NMR analysis, 
c Characteristic for anhydride bonds. 

d Chemical shift in PPM of the methyl terminal and the representative peak of the repeating unit. 
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Table 2: 



Characterization of Anyhdride Copolymers 




% Aliphatic Units 




(c& Irulatpch 


ffounch 


CPP:SA 


80 


80±2 


115,000±5,000 




7D 




78 000+4 500 




50 


50±2 


32,000±3,000 


lsoph:SA 


80 


81±2 


112,000±5,400 




50 


49±1 


30,000±2,900 


CPP:DD 


80 


79±2 


122,000±6,100 




50 


50±2 


31,000±3,200 


CPH:SA 


80 


79±2 


76,400±6,800 


CPH:DD 


80 


80±2 


84,900±5,600 




50 


51±1 


36,550±3,420 


CPP:adipic acid 


80 


82±2 


56,800±3,800 



Copolymers prepared from individually prepared prepolymers in Table 1 were polymerized at 1 80°C for 90 min. Results 
are an average of five separate polymerizations. 

[0019] The following materials and methods were used in the examples: 

[0020] Chemicals : Sebacic acid, dodecanedioic acid and adipic acid (99%, Aldrich Chemical Co., Milwaukee, Wis- 
consin) were recrystallized three times from ethanol and 1,4 phenylene dipropionic acid (98%, Aldrich Chemical Co.) 
was recrystallized from acetone before use. Bis(p-carboxyphenoxy)alkanes were synthesized according to the method 
described by A. Conix in Macromol. Synth. 2, 95 (1 966) and cleaned by extraction with acetone and ether before use. 
Isophthalic acid (99%, Aldrich Chemical Co.) was recrystallized from ethanol. All solvents were analytical grade. 
[0021] Instrumentation : Infared spectroscopy was performed on a Perkin-Elmer Spectrophotometer Model 1430. 
Polymeric samples were film cast onto NaCI plates from solutions of the polymer in chloroform. Prepolymer samples 
were either pressed into KBr pellets or dispersed in nujol onto NaCI plates. 

[0022] Thermal analysis of polymers was performed on a Perkin Elmer DSC-2 differential Scanning Calorimeter 
employing a heating rate of 20°C/min. The melting point of prepolymers was determined on a Fisher Johns melting 
point apparatus. The molecular weights of the polymers and prepolymers were estimated on a Perkin Elmer GPC 
system consisting of a series 10 pump, a 3600 Data Station with an LKB 214 - rapid spectral detector at 254 nm 
wavelength. Samples were eluted in chloroform through two PI Gel columns (Polymer Laboratories; 100 Angstroms 
and 1000 Angstroms pore sizes) in series at a flow rate of 1.5 ml/min. Polystyrene (Polyscience) was used as the 
calibration standard. Viscosity of polymers was measured in an Ubbelohde Viscometer (cannon 75) at 23°C using 1 , 
0.5 and 0.25% w/v polymer in chloroform solution. 'H-NMR spectra were run on a Bruker AM-250 spectrometer in CHCI 3 . 

Determination of Prepolymer and Polymer Composition : 

[0023] The composition of anhydride copolymers is determined by 'H-NMR from the ratio of the peaks integration of 
the copolymer units, for example, the composition of CPP:SA copolymers is determined by 'H-NMR from the ratio of 
the peaks integration at 1.3 PPM (8H, Sebacic acid) and 6.9-8.2 PPM (8H, CPP). 

[0024] General Method for Polymer Synthesis : Polyanhydrides are synthesized by melt polycondensation of mixed 
anhydrides of diacids and acetic anhydride. Aliphatic mixed anhydride prepolymers are prepared by refluxing the di- 
carboxylic acid monomers (40 g) in acetic anhydride (200 ml) for 20 to 90 minutes. The excess acetic anhydride is 
removed to dryness under vacuum at 60°C. The crude prepolymer is recrystallized from dry toluene. The crystals are 
then immersed in a 1 :1 mixture of dry petroleum ether and ethyl ether overnight to extract traces of acetic anhydride 
and toluene. The pure crystals are dried under vacuum over calcium chloride (75-88% yield). Aromatic monomers are 
refluxed for 15 to 30 minutes, then the unreacted diacid (5 to 10%) removed by filtration. The solution is concentrated 
to 150 ml and allowed to crystallize overnight at 0°C. The crystals are then immersed in dry ether (200 ml) overnight 
with stirring to extract traces of acetic anhydride. 

[0025] The purified prepolymer is washed with dry ether and dried under vacuum over calcium chloride (42-50% 
yield). The prepolymers are characterized by GPC, 'H-NMR and IR analysis. 

[0026] The amounts of prepolymers (as calculated below) then undergo melt polycondensation as follows: In a typical 
reaction, CPP prepolymer is mixed with sebacic acid prepolymer in a glass tube (2 x 20 cm) with a side arm equipped 
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with a capillary nitrogen inlet. The tube is immersed in an oil bath at 1 80°C. After the prepolymers are melted, approx- 
imately 1 minute, high vacuum (10-4 mm Hg) is applied through the side arm. The condensation product, acetic an- 
hydride, is collected in an acetone/dry ice trap. During the polymerization, a strong nitrogen sweep with vigorous agi- 
tation of the melt is performed for 30 seconds every 15 minutes. The crude polymer is purified by precipitation in dry 
petroleum ether from a dichloromethane solution. The precipitate is then extracted with anhydrous ether for several 
hours at room temperature. 



[0027] The calculated amounts of prepolymers to be mixed for the synthesis of an x:y copolymer, where x:y is the 
molar ratio of copolymer units, is as follows: 



Calculations 



Hr\ 1 

X ( ) 

Dpi 



y ( 




grams of prepolymer 1 



grams of 



prepolymer 2 



wherein x and y are the molar ratios of prepolymers 1 and 2 in the copolymer, 

Mn is the number average molecular weight of the prepolymer as determined by GPC, and 

Dp is the number of units in the prepolymer as calculated from: 



Dp = 



Mn-102 
Ru 



where 1 02 is the molecular weight of prepolymer end groups: 



O 



O 



H 3 C-< 



II 

-c- 



and 



O-C-CH3 



and Ru is the molecular weight of the repeating unit in the prepolymer. 

[0028] For example: . 

for sebacic acid, the repeating unit is: 



O O 



-C-(CH 2 ) a -C-0- 



Ru=184 and 

for CPP, the repeating unit is: 



O 



o 




and Ru=308 
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Example of the preparation of 1 ,3 bis(p-carboxyphenoxy) propane:sebacic acid polymers (CPP:SA) 

1. Preparation of pure, isolated CPP prepolymers. 

5 [0029] A solution of 138 g (1 .0 mole) of p-hydroxy benzoic acid and 80 g (2.0 moles) of sodium hydroxide in 400 ml 
of water is placed in a one liter three-necked flask equipped with a mechanical stirrer, a condenser, and a dropping 
funnel. 1 02 g (0.5 mole) of 1 ,3-dibromopropane is added through the funnel over a period of one hour, while the contents 
of the flask are stirred and kept at reflux temperature. The reaction mixture is refluxed for 3.5 hours after the addition 
of the 1 ,3-dibromopropane. 20 g (0.5 mole) of solid hydroxide is then added to the mixture, and the mixture refluxed 

10 for an additional two hours. Heating is then discontinued and the reaction mixture left standing overnight. The fine, 
powdery, white precipitate of the disodium salt is isolated by filtration and washed with 200 ml of methanol. The still 
wet precipitate is dissolved in one liter of distilled water with gentle heating. 

[0030] The solution is extracted with 200 ml of ether to remove traces of dibromide, acidified with 6N sulfuric acid to 
a pH less than 2, the diacid isolated by filtration, and the diacid dried for 3 days in a lyophilizer. The yield is 1 20 g (76%). 

15 [0031 ] 40 g of CPP powder is then added to 500 ml boiling acetic anhydride (1 35°C) under dry N 2 . Reflux is stopped 
at 25 min and the solution filtered through a filter paper into another one liter round bottom flask. About 10% of the 
unreacted CPP is separated. The solution is concentrated to 150 ml by evaporation (evaporator with CaCI 2 trap). The 
solution is left at 0°C to crystallize overnight. The crystals are separated by filtration and transferred to 200 ml of 
anhydrous diethyl ether in an Erlenmayer flask and allowed to swirl for several hours at room temperature. The white 

20 crystals are separated by filtration and dried in a CaCI 2 desiccator under vacuum. The CPP prepolymer is recovered 
with a yield of 50-60% and has a melting point of 104°-106°C and IR-1810, 1740cm" 1 . 

2. Preparation of pure, isolated SA prepolymers. 

25 [0032] 30 g of sebacic acid are added to a 1 20 ml refluxing solution of acetic anhydride under N 2 . Reflux is continued 
for 90 min. Sebacic acid is completely dissolved within 5 min. of reaction. Excess acetic anhydride is evaporated by 
an evaporator at 60°C. The oily material is left at room temperature to solidify. The solid is dissolved in 15 ml toluene 
with warming and the solution allowed to crystallize overnight at 0°C. The crystals are separated by filtration and 
transferred to 200 ml diethyl ether and petroleum ether 1 :1 mixture, with stirring for 5 hours. The white crystals are 

30 separated by filtration and dried in a CaCI 2 desiccator under vacuum. The sebacic acid has a melting point of 64-65°C 
and IR-1810, 1740 cm" 1 . 

3. Polymerization of a CPP prepolymer:SA (20:80) prepolymer mixture. 

35 [0033] CPP prepolymer (0.80 g, 2.0 mmole) is mixed with sebacic acid prepolymer (1.64 g, 8.0 mmole) in a glass 
tube (2 x 20 cm) (Kimax) with a side arm equipped with a capillary nitrogen inlet. The tube is immersed in an oil bath 
at 180±1°C. After the prepolymers are melted, approximately 1 min, high vacuum (less than 10" 2 mm Hg) is applied 
through the side arm. The condensation product, acetic anhydride, is collected in an acetone/dry ice trap. During the 
polymerization, a strong nitrogen sweep with vigorous agitation of the melt is performed for 30 seconds every 15 

40 minutes. After 90 minutes, the polymer is removed under nitrogen to a dry glass vial. The crude polymer is ground to 
small particles using a micromill at low temp. (H 2 0/ice cooling). The yield in this example is greater than 90%. 

4. Purification of the CPP:SA (20:80) polymer. 

45 [0034] The crude polymer is purified by precipitation in dry petroleum ether from dichloromethane solution as follows: 
20 g of crude polymer is dissolved in 100 ml dichloromethane (analytical grade) at room temp, with magnetic stirring 
for about 20 min. The solution is pressure filtered through a 2 micron filter and dripped into 600 ml of dry petroleum 
ether (analytical grade) stirred with mechanical stirrer. A white fiber-like precipitate is obtained. After filtration, the 
precipitate is extracted with anhydrous ether (200 ml) for several hours at room temp. The ether is decanted out and 

50 the ether residue is removed by anhydrous evaporator under high vacuum (oil pump). The CPP:SA polymer has a 
melting point of 68-70°C, molecular weight: M w = 118,000, Mn = 22,400 (by GPC analysis), composition of CPP:SA 
(21 :79) (by 'H-NMR), and intrinsic viscosity of [n] = 0.92 dl/g (chloroform, 23°C). 

5. Polymerization of a CPP:SA (50:50) copolymer. 

55 

[0035] CPP prepolymer (2.0 g, 5 mmole) is mixed with sebacic acid prepolymer (1.15 g, 5 mmole) and polymerized 
at 180°C under high vacuum (10 mm Hg) for 90 min using the same method as above. The CPP:SA (50:50) polymer 
has a melting point of 1 52°C, molecular weight: M w = 38,200, M n = 1 7,900 (by GPC analysis), intrinsic viscosity of [n] 
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=dl/g (chloroform 23°C), and composition of CPP:SA (50:50) (by 'H-NMR). 

Examples of the preparation of 1,3 bis(p-carboxyphenoxy) propane: dodecanedioic acid polymers (CPP:DD) 
5 1 . Preparation of pure, isolated CPP prepolymer is as previously described. 

2. Preparation of dodecanedioic acid prepolymer. 

[0036] 50 g of dodecanedioic acid are added to 250 ml boiling acetic anhydride under dry argon. Reflux is continued 
10 for 60 minutes. Excess acetic anhydride is removed by an evaporator at 60°C to yield a white solid. The solid is dissolved 
in 20 ml dry toluene with gentle warming and the solution is allowed to crystallize overnight at 0°C. The crystals are 
separated by filtration and extracted with 200 ml methyl ether and petroleum ether 1 :1 mixture for 5 hours at room 
temperature. The pure crystals were dried under vacuum over calcium chloride to yield 47 g prepolymer with a melting 
point of 76°C and IR-1810, 1740 cm-1. 

15 

3. Preparation of CPP:DD (20:80) copolymers. 

[0037] CPP prepolymer (0.8 g, 2.0 mmole) is mixed with dodecanedioic acid prepolymer (2.0 g, 8.0 mmole) and 
polymerized at 180° for 90 min under high vacuum (less than 10 -2 mm Hg). The polymer is purified as previously 
20 described. The polymer has a melting point of 75-76°C, molecular weight: Mw = 125,900, Mn = 26,850 (by GPC 
analysis); a composition of CPP:DD (20:80) (by 'H-NMR) and intrinsic viscosity of [n] = 1.16 dl/g (chloroform, 23°C). 

4. Polymerization of CPP:DD (50:50) copolymer. 

25 [0038] CPP prepolymer (1 .6 g, 4.0 mmole) is mixed with DD prepolymer (1 .0 g, 4.0 mmole) and polymerized at 1 80°C 
for 90 min under high vacuum (10~ 2 mm Hg). The polymer is purified as described in the first example. The polymer 
has a melting point of 158-160°C, molecular weight: Mw = 44,800, Mn = 16,850, composition of CPP:DD (51:49) (by 
'H-NMR), and intrinsic viscosity of [n] = 0.76 dl/g. 

30 5. Polymerization of CPP:DD (65:35) copolymer. 

[0039] CPP prepolymer (2.6 g, 6.5 mmole) is mixed with DD prepolymer (0.88 g, 3.5 mmole) and polymerized at 
180°C for 90 min under high vacuum (less than 10 -2 mm Hg). The polymer is purified as previously described. The 
polymer has a melting point of 1 94 to 1 95°C, molecular weight: Mw = 32,000, Mn = 1 0,1 00, composition of CPP:DD 
35 (64:36), and intrinsic viscosity of [n] = 0.64 dl/g. 

Example of the preparation of phenylene dipropionic acid copolymer with sebacic acid and 1 ,3 bis(P-carboxyphenoxyl) 
propane 

40 1 . Sebacic acid and CPP prepolymers are prepared as previously described. 
2. Preparation of phenylene dipropionic acid prepolymer. 

[0040] 60 g of PDP are added to 500 ml boiling acetic anhydride under dry argon. Reflux is continued for 60 minutes. 
45 Excess acetic anhydride is removed by an evaporator at 60°C to yield a white solid. The solid is recrystallized from 30 
ml toluene at 0°C overnight. The crystals are then extracted with 200 ml of a diethyl ether and petroleum ether (1 :1) 
mixture for 5 hours at room temperature. The pure crystals are dried under vacuum over calcium chloride to yield 61 
g prepolymer with a melting point of 74-75°C and IR-1 800, 1 735 cm-1 . 

50 3. Polymerization of PDP:SA (20:80) copolymer. 

[0041] PDP prepolymer (0.91 g, 4 mmole) is mixed with SA prepolymer (3.28 g, 1 6 mmole) and polymerized at 1 80°C 
under high vacuum (less than 10" 2 mm Hg) for 90 min. The polymer is purified as previously described. The polymer 
has a melting point of 56-59°C, molecular weight: Mw = 84,920, Mn = 1 5,650, intrinsic viscosity of [n] = 0.68 dl/g, and 
55 composition of PDP:SA (20:80) (by 'H-NMR). 
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4. Preparation of PDP:SA (50:50) copolymer. 

[0042] PDP prepolymer (1.14 g, 5 mmole) is mixed with SA prepolymer (1.0 g, 5 mmole) and polymerized at 180° 
under high vacuum (less than 10-2 mm Hg) for 90 min. The polymer is purified as previously described. The polymer 
has a melting point of 75-77°C, molecular weight: Mw = 58,900, Mn = 1 2,400, intrinsic viscosity of [n] = 0.64 dl/g, and 
composition of PDP:SA (49:51) (by 'H-NMR). 

5. Preparation of PDP:CPP (50:50) copolymer. 

[0043] PDP prepolymer (1.14 g, 5 mmole) is mixed with CPP prepolymer (2.0 g, 5 mmole) and polymerized at 180° 
under high vacuum (less than 10~ 2 mm Hg) for 90 min. The polymer is purified as previously described. The polymer 
has a melting point of 158-1 60°C, molecular weight: Mw = 34,400, Mn = 10,100, intrinsic viscosity of [n] = 0.65 dl/g, 
and composition of PDP:CPP (48:52) (by 'H-NMR). 

6. Preparation of CPP:PDP:SA (50:25:25) copolymer. 

[0044] CPP Prepolymer (2.0 g, 5 mmole) is mixed with PDP prepolymer (0.57 g, 2.5 mmole) and SA prepolymer (0.5 
g, 2.5 mmole) and polymerized at 1 80° under high vacuum (less than 1 0 -2 mm Hg) for 90 min. The polymer is purified 
as previously described. The polymer has a melting point of 1 42-1 44°C, molecular weight: Mw = 28,900, Mn = 1 2,400, 
intrinsic viscosity of [n] = 0.58 dl/g, and composition of CPP:PDP:SA (48:27:25) (by 'H-NMR). 

Preparation of mixed prepolymer by the prior method (Fig. 2): 

[0045] The yield and reproducibility of the anhydride copolymers produced by the prior art method were compared 
with the yield and reproducibility of anhydride copolymers produced by the method of the present invention as follows. 
[0046] A calculated amount of the diacids (total of 50 g) was refluxed in acetic anhydride (500 ml) for 20 min. Unre- 
acted material was removed by filtration, and the solution concentrated to 1 00 ml by vacuum evaporation. The solution 
was then left at -20°C for 3 weeks to crystallize. The yield and composition of the precipitate for mixed prepolymers of 
CPP:SA (20:80), CPP:SA (50:50), isoph:SA (20:80), and isoph:SA (50:50) are summarized in table 3. 
[0047] In a typical reaction, 10.0 g (0.0316 mole) of CPP were mixed with 25.6 g (0.126 mole) sebacic acid and 
refluxed in 500 ml acetic anhydride for 30 min. The unreacted material (0.6 g, identified as CPP) is removed by filtration 
and the solution concentrated to 100 ml by vacuum evaporation. The solution is allowed to crystallize for 3 weeks at 
-20°C. The precipitate is separated by filtration and washed with anhydrous ether (100 ml) to yield 14.8 g of mixed 
prepolymers with a composition of CPP:SA in a ratio of 35:65 (calculated 20:80), as determined by H-NMR, IR-1 800, 
1740 cm- 1 . 



Table 3 : 



Characterization of mixed prepolymers 


Prepolymer composition* 


(%) aliphatic monomer 


yield (%) 


calculated 


found 


CPP:SA (20:80) 


80 


65 


15 




80 


50 


21 




80 


72 


25 


CPP:SA (50:50) 


50 


30 


25 




50 


45 


34 




50 


32 


24 


lsoph:SA (20:80) 


80 


72 


25 




80 


65 


33 




80 


75 


28 



*Determined from 'H-NMR Spectrum 
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Table 3 : (continued) 



Characterization of mixed prepolymers 


Prepolymer composition* 


(%) aliphatic monomer 


yield (%) 


calculated 


found 


lsoph:SA (50:50) 


50 


65 


37 




50 


48 


36 




50 


58 


31 


Prepolymers prepared by a reaction between a calculated amount of diacids and acetic anhydride for 30 min. 



*Determined from 'H-NMR Spectrum 



[0048] The preceding examples demonstrate the usefulness of the pure, isolated prepolymers in the rapid preparation 
of a variety of polymer compositions as well as the high yield and reproducibility of the disclosed method. 
[0049] High molecular weight polyanhydrides are desirable in biomedical applications, for example, in controlled 
release devices because of their superior physico-mechanical properties. These properties include film forming prop- 
erties and relatively high tensile strength. The critical factors affecting polymer molecular weight are: monomer purity, 
temperature of reaction, time of reaction, and the removal of the condensation product. 

[0050] Very high molecular weight polymers are achieved by reacting pure isolated prepolymers, prepared in ac- 
cordance with this invention, under optimized conditions, for example, at a temperature of 180°C, under 10" 4 mm Hg 
vacuum with a C0 2 /Acetone trap, as described in co-pending application U.S. Serial No. 892,809 filed August 1 , 1 986 
by Abraham J. Domb and Robert S. Langer entitled "Synthesis and Application of High Molecular Weight Polyanhy- 
drides". 

[0051] Using the prior art method, with an unisolated prepolymer mixture, p(CPP:SA)(1 :4) has a molecular weight 
of 12,030. Reacting pure, individually prepared prepolymers yields p(CPP:SA)(1 :4) with a molecular weight of 116,800 
and an intrinsic viscosity of [n] = 0.92. Addition of a catalyst to the pure, individually prepared prepolymer mixture can 
further increase molecular weights, as described in U.S. S.N. 892,809 filed August 1 , 1 986. 

[0052] The method of preparing very pure anhydride copolymers from individually synthesized and purified diacid 
prepolymers has been described with reference to specific embodiments. 

Variations and modifications of these embodiments and preparation conditions will be obvious to those skilled in the 
art of chemical synthesis. Such modifications and variations are intended to be included within the scope of the ap- 
pended claims. 

Claims 

1. A method for preparing a highly pure anhydride copolymer comprising at least two copolymer units in the molar 
ratio x:y, the method comprising: 

providing at least two individually synthesized and purified diacids, 

reacting the respective diacids and acetic anhydride separately to form respective mixed anhydride prepoly- 
mers of the individual diacids, 

removing the unreacted acetic anhydride and diacids from the mixed anhydride prepolymers, 
combining the respective mixed anhydride pre-polymers in the ratio 

X - M n1 . V- M n2 
Dpi ■ D p2 

wherein M n is the number average molecular weight of the respective prepolymers 1 and 2 and D p is the number 
of units in the prepolymer, calculated as D p = (M n -1 02)/R u where R u is the molecular weight of the repeating unit 
in the prepolymer, and 

polymerizing the combination of the said mixed anhydrides prepolymers to form the copolymer. 

2. The method of Claim 1 wherein the diacids are selected from the group consisting of sebacic acid, bis(p-carbox- 
yphenoxy)propane, bis(p-carboxyphenoxy)hexane, isophthalic acid, 1 ,4-phenylene dipropionic acid, adipic acid 
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and dodecanedioic acid. 

3. The method of Claim 1 or 2 wherein the mixed anhydrides are formed by separately refluxing the respective diacids 
with acetic anhydride. 

4. The method of Claim 1 , 2 or 3 wherein the respective mixed anhydrides are recrystallized following removal of the 
excess acetic anhydride. 

5. The method of any one of the preceding claims wherein the copolymer is further purified by recrystallization. 

6. The method of any one of the preceding claims wherein the polymerisation step comprises melt polycondensing 
the prepolymers at 150°C to 220°C for 10 to 240 minutes under high vacuum. 



Patentanspriiche 

1. Verfahren zur Herstellung eines hochreinen Anhydrid-Copolymers, das wenigstens zwei Copolymereinheiten im 
Molverhaltnis x:y umfasst, wobei das Verfahren umfasst: 

Bereitstellen von wenigstens zwei individuell synthetisierten und gereinigten Disauren, 

getrenntes Umsetzen der jeweiligen Disauren mit Essigsaureanhydrid, so dass jeweilige Prapolymere aus 

gemischten Anhydriden der individuellen Disauren gebildet werden, 

Entfernen des nicht umgesetzten Essigsaureanhydrids und der nicht umgesetzten Disauren aus den Prapo- 
lymeren aus den gemischten Anhydriden, 

Kombinieren der jeweiligen Prapolymere aus den gemischten Anhydriden im Verhaltnis 

x ' M n1 V M n2 
D P1 " D P2 ' 

wobei M n das Zahlenmittel des Molekulargewichts der jeweiligen Prapolymere 1 und 2 ist und D p die Zahl der 
Einheiten im Prapolymer ist, berechnet als D p = (M n -1 02)/R u , wobei R u das Molekulargewicht der sich wiederho- 
lenden Einheit im Prapolymer ist, und 

Polymerisieren der Kombination aus den genannten Prapolymeren aus den gemischten Anhydriden unter 
Bildung des Copolymers. 

2. Verfahren nach Anspruch 1, wobei die Disauren aus der Gruppe ausgewahlt sind, die aus Sebacinsaure, Bis(p- 
carboxyphenoxy)propan, Bis(p-carboxyphenoxy)hexan, Isophthalsaure, 1 ,4-Phenylendipropionsaure, Adipinsau- 
re und Dodecandisaure besteht. 

3. Verfahren nach Anspruch 1 oder 2, wobei die gemischten Anhydride durch das getrennte Refluxieren der jeweiligen 
Disauren mit Essigsaureanhydrid gebildet werden. 

4. Verfahren nach Anspruch 1 , 2 oder 3, wobei die jeweiligen gemischten Anhydride nach dem Entfernen des uber- 
schussigen Essigsaureanhydrids umkristallisiert werden. 

5. Verfahren nach einem beliebigen der vorhergehenden Anspmche, wobei das Copolymer daruber hinaus durch 
Umkristallisieren gereinigt wird. 

6. Verfahren nach einem beliebigen der vorhergehenden Anspruche, wobei der Polymerisationsschritt das Schmelz- 
polykondensieren der Prapolymere bei 150°C bis 220°C fur 10 bis 240 Minuten im Hochvakuum umfasst. 



Revendications 

1 . Procede de preparation d'un copolymere anhydride de haute purete comprenant au moins deux motifs copolyme- 
rs dans le rapport molaire x:y, le procede comprenant : 
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la fourniture d'au moins deux diacides individuellement synthetases et purifies, 

la reaction des diacides et de I'anhydride acetique respectifs separement pour former des prepolymeres d'an- 
hydride mixte respectifs des diacides individuels, 

1'elimination de I'anhydride acetique n'ayant pas reagi et des diacides des prepolymeres d'anhydride mixte, 
la combinaison des prepolymeres d'anhydride mixte respectifs dans le rapport 

(x.M n1 /D p1 ):(y.M n2 /D p2 ) 

dans laquelle M n est la masse moleculaire moyenne en nombre des prepolymeres respectifs 1 et 2 et D p 
est le nombre de motifs dans le prepolymere calcule selon D p = (M n -102)/R u ou R u est la masse moleculaire du 
motif repetitif dans le prepolymere, et 

la polymerisation de la combinaison desdits prepolymeres d'anhydride mixte pour former le copolymere. 

Procede selon la revendication 1 , dans lequel les diacides sont choisis dans le groupe constitue par I'acide seba- 
cique, le bis(p-carboxyphenoxy)propane, bis(p-carboxyphenoxy)hexane, I'acide isophthalique, I'acide 1,4-pheny- 
lene dipropionique, I'acide adipique et I'acide dodecanedioTque. 

Procede selon la revendication 1 ou 2, dans lequel les anhydrides mixtes sont formes separement en mettant a 
reflux les diacides respectifs avec de I'anhydride acetique. 

Procede selon la revendication 1, 2 ou 3, dans lequel les anhydrides mixtes respectifs sont recristallises apres 
une elimination de I'anhydride acetique en exces. 

Procede selon I'une quelconque des revendications precedentes, dans lequel le copolymere est en outre purifie 
par recristallisation. 

Procede selon I'une quelconque des revendications precedentes, dans lequel I'etape de polymerisation comprend 
une polycondensation en fusion des prepolymeres a une temperature de 1 50°C a 220°C pendant 1 0 a 240 minutes 
sous vide eleve. 
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